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AN ANALYSIS OF A ROCKETDYNE REPORT ON NUCLEAR ROCKETS ENTITLED 
"COMPLETE SPECTRUM OF NUCLEAR ENGINES AND THEIR CAPABILITIES" 
Classification cancelled (01 ilunpil to. 
by authority nf pS^-A. A. Hafer, Manager / 
PRODUCT PLANNING hy f c T ^ / C ^ Tin datfi AUG 3 0 1973 
Recently I had the opportunity to study a Rocketdyne report R-1951 
entitled "Complete Spectrum of Nuclear Engines and Their Capabilities" 
published in November of 1959. It is believed that this study was conducted 
by Rocketdyne with their own funds and while it was not marked proprietary, 
it is doubtful that this Department will be able to obtain a copy. Nevertheless, 
sufficient information was obtained from this report such that the essential 
assumptions and results are known. 
Rocketdyne's Assumptions 
Two nuclear rocket designs were considered in this study. One was a 
graphite two-pass system based upon the Condor rocket that Los Alamos 
Scientific Laboratory (LASL) has proposed as a flight system. While the 
LASL design was based upon one size, Rocketdyne varied the thrust level 
from 500, 000 to 3, 200, 000 lbs. but retained the LASL design features. The 
specific impulse of this system was estimated to be 740 seconds at altitude, 
which corresponds to a hydrogen gas temperature of 3600°F. The second 
nuclear system considered (called by Rocketdyne the "Prototype") was based 
upon an advanced graphite reactor design. This system was estimated to give 
an altitude specific impulse of 890 seconds at a gas temperature of 4700°F. 
This Prototype reactor is considered to represent the highest performance 
in a reactor.that can be realized with graphite fuel elements. 
An all chemical vehicle was studied to compare its capabilities with that 
of the two nuclear designs. The chemical rockets were assumed to be a LOX/SF-1 
(Para-hydrogen) system with an altitude specific impulse of 420 seconds. This 
represents just about the ultimate performance that can be expected from 
chemical rockets. 
When comparing the nuclear and the chemical rockets, Rocketdyne assumed 
that the nuclear vehicles were one stage systems and the chemical vehicles were 
assumed to be made up of three stages. This assumption definitely favors the 
chemical system;'but it is realistic. Because of the high specific impulse of 
nuclear systems and "consequently a low mass ratio, not much benefit is obtained 
by staging the vehiclesv. Whereas for chemical systems, the Opposite is true. 
In addition, single stag£ htidlear vehicles are very desirable from reliability 
and cost considerations. . 
UNCLASSIFIEQ 
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Since Rocketdyne considered only sys tems launched from the e a r t h ' s 
surface, the ra t io of the th rus t at altitude to the initial g ro s s weights was 
var ied from 1. 3 to 1. 7. A high thrus t - to-weight ra t io is des i rab le because 
it reduces the lo s ses due to gravity and a tmospher ic drag; however, high 
th rus t to weight r a t ios means high acce le ra t ions which leads to inc reased 
tankage and s t ruc tu ra l weight. Therefore , an optimum is reached depending 
upon the miss ion and cha rac t e r i s t i c s of the rocket sys tem (whether it i s 
powered by a nuclear sys tem, liquid, or solid propel lants) . General ly, 
nuclear rockets and solid propellant chemical sys tems optimize at t h r u s t -
to-weight ra t ios higher than liquid propellant s y s t e m s . 
Rocketdyne considered var ious miss ions by mere ly varying the velocity 
increment , Yc» from 30, 000 to 46, 000 f t / s e c . However, in o rde r to es tabl ish 
a f rame of re ference , Table I was p repa red to indicate the velocity inc rements 
requi red for var ious mi s s ions . 
The assumptions that Rocketdyne made in r ega rds to r eac to r weight, 
r eac to r size and propellant tank s ize , and weight a r e given in the Appendix 
in f igures 1A to 4A. In addition, ce r ta in assumpt ions were made in r e g a r d s 
to the th rus t s t ruc tu re weight and the shielding requi red to l imit the hydrogen 
boil-off due to nuclear heating. These assumpt ions a r e given in f igures 5A 
and 6A. Unfortunately, t ime did not pe rmi t obtaining the assumpt ions that 
were made as to pump and nozzle weights . 
The main c r i t e r i a that Rocketdyne used in comparing nuclear and chemical 
sys tems was production cost . In a r r iv ing at the overa l l vehicle cost, the 
assumpt ions given in Table II were used. While the Rocketdyne repor t did 
not make mention of U235 cost , it i s believed that this is included in the 400 
dol la rs per pound, since no provis ion was made for recover ing the b o o s t e r s . 
To date, no work on the costing of graphite r e a c t o r s for rockets has been * 
conducted in the Depar tment . There fore , it is somewhat difficult to pa s s 
judgment on Rocketdyne's assumpt ion. However, detail costing studies have 
been made on the XMA-1A r eac to r . While th is r eac to r i s made up of different 
m a t e r i a l s , the size is in the range of the r eac to r s izes (90 - 150 inches) 
considered by Rocketdyne, and they a r e both modera ted r e a c t o r s . The re su l t s 
indicated that the XMA-1A reac to r including ref lector and U235 would cost 
approximately 320 dol la rs per pound for the f i r s t production power plant. 
This value would d e c r e a s e somewhat with an inc rease in the number of r e a c t o r s 
but not as much as one might expect . This i s because the U235 is a l a rge 
percentage of the cost and would r emain constant with the number of r e a c t o r s 
produced. Comparing the cost of the XMA-1A reac to r with Rocketdyne 's 
assumption for the nuclear rocket r eac to r leads one to believe that they may 
not be too far off. However, an actual costing study of the graphite r eac to r 
should be undertaken. 
UNCLASSIFIED • « * 
Page 5 
TABLE I 
VELOCITY REQUIREMENTS 
Mission 
5500 N. Mi. ICBM 
8500 N. Mi. ICBM 
300 mile ea r th satel l i te 
LUNAR Probe (Earth Escape) 
Stationary Orbit (22, 000 miles) 
or Lunar Satellite 
Moon Landing 
Moon Landing & Return 
Velocit y, F t / s e c 
(Including losses ) 
28 , 
29 , 
31, 
40 , 
42 , 
49 , 
68 , 
000 
500 
500 
000 
500 
500 
500 
u 
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TABLE II 
COST ASSUMPTIONS 
Reactor Cost $400 per lb . of 
(Including fuel and reflector) r eac to r weight 
Hardware Cost $100 per lb . 
(Pumps, nozzles , e tc . ) 
Liquid Hydrogen $ 1 pe r lb . 
LOX/SF-1 mixture $.18 per lb. 
CLASSIFIED Page 7 
Now that the bas ic assumpt ions used in the study have been outlined and 
commented upon, the r e su l t s will be d i scussed . 
Rocketdyne's Resul t s 
Some of the resu l t s of Rocketdyne's study a r e given in f igures 1 to 11 . 
These a r e not a complete set of the f igures given in the original r epor t , but 
r ep resen t the m o r e important ones . Rocketdyne compared the nuclear rockets 
with the advanced chemical sys tems on the bas i s of th ree c r i t e r i a : production 
cost, payload car ry ing ability, and g ros s weight. P a s t studies have usual ly 
only considered the l a t t e r two c r i t e r i a and neglected cost . The compar ison 
is made on the bas i s of these th ree c r i t e r i a for var ious altitude th rus t - to -weight 
ra t ios , velocity inc rement s , payloads and nuclear specific impluse (Condor v s . 
the Prototype design). 
The r e su l t s indicate the following: 
I. On a cost b a s i s : 
1. The relat ive cost of chemical rockets to nuclear rockets 
i n c r e a s e s with an inc rease in velocity inc rement . In other 
words , the economic factor becomes m o r e favorable for a 
nuclear rocket a s the miss ion becomes more ambi t ious . 
The Rocketdyne r e su l t s indicate that a velocity increment 
i s eventually reached where the ra te of chemical cost to 
nuclear cost commences to d e c r e a s e . This i s due to the 
fact that only single s tages were considered for nuclear 
sys tems and hence a point is eventually reached where it 
will be des i rab le to inc rease the number of stage for both 
the nuclear and chemical s y s t e m s . 
2. At a given velocity increment , the rat io of chemical to nuclear 
cost at f i r s t i n c r e a s e s with payload and then upon reaching a 
maximum, will d e c r e a s e . It is believed that this effect i s a lso 
due to the l imitat ions of a single stage for the nuclear rocket . 
However, it i s believed that a two stage nuclear vehicle will 
be m o r e expensive for modera te ly ambit ious m i s s i o n s . However, 
a point will be reached (for high payloads and high velocity 
requi rements ) where the two stage nuclear may show an 
advantage. 
3 . As the altitude thrus t - to-weight ra t io i s inc reased , the re la t ive 
advantages of an all nuclear vehicle over a chemical sys tem 
d e c r e a s e s . However, this does not mean that the lowest t h r u s t -
to-weight ra t io should be chosen for a nuclear sys t em. The 
absolute magnitude of the nuclear payload cost would have to 
be minimized r a the r than the ra t io of nuclear to chemical cos t . 
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The choice of a p roper thrus t - to-weight ra t io for nuclear sys t ems 
will have to await a more detai led ana lys i s . However, past 
studies have most ly favored the l a r g e r take-off th rus t - to -weight 
ra t ios of 1. 5 to 1. 7. 
4. F o r all the th rus t - to-weight r a t i o s , velocity i nc remen t s , and 
payloads considered, the Condor engine at a specific impulse of 
740 seconds cannot compete with an advanced chemical sys t em on 
a cost b a s i s . 
5. A s ingle-s tage prototype engine with a specific impulse of 890 
seconds offers a significant advantage over an advanced chemical 
sys tem on a cost bas i s at velocity inc rements in the range of 
36, 000 to 46, 000 f t / s ec and for payloads in the range of 150, 000 
to 60, 000 pounds. 
II. Payload Bas i s 
1. F o r the range of p a r a m e t e r s considered, the Condor engine will 
yield a payload advantage over that of an advanced chemical sys tem 
for equal g ro s s weights by a factor of between 1. 5 and 2. 3. 
2. The prototype engine will yield a payload advantage over that of an 
advanced chemical sys tem by a factor of f rom 2. 7 to 4. 3. 
III. Gross "Weight Bas is 
1. F o r the range of p a r a m e t e r s considered, the Condor engine will 
yield a g ros s weight advantage over that of an advanced chemical 
sys t em for equal payloads by a factor of f rom 1, 4 to 2, 4. 
2. The prototype engine will yield a g ro s s weight advantage over that 
of an advanced chemical sys tem for equal payloads by a factor of 
2 .9 to 4 . 4 . 
Unfortunately, the only absolute values for cost and payloads that were 
obtained from the Rocketdyne repor t were the values for the Condor engine at an 
altitude th rus t - to -weight ra t io of 1. 3 (Figures 10 and 11). However, if one d e s i r e s , 
the absolute values for the prototype and the chemical sys t em can be calculated 
from these two f igures and the ra t ios a r e given in F igu re s 1 to 9. 
Comments on Rocketdyne's Study 
Rocketdyne*s study considered only the production cost of the vehicle . How-
ever , to obtain a compar ison much c loser to rea l i ty , the cost of such fac tors as 
ground handling, shielding and launching faci l i t ies should a l so be considered. 
Natural ly the nuclear rockets will requi re much more e laborate handling fac i l i -
t i es because of the pre_sence_pf radiat ion. However, because of a much sma l l e r 
_ / tl ' i '5 
inx ^""•n ^ ^ K . T P.,. „ 
gross weight, the nuclear systems will not require as many launching pads or 
much jsmaller ones to launch a given payload than the requirements for a 
chemical system. These two factors will tend to cancel, but before the re la-
tive magnitude of each can be ascertained, additional analysis will have to be 
conducted. These effects are being analyzed by Lockheed, Martin and Convair 
in the RIFT studies with the results becoming available by the first of the year. 
One area that would be interesting to explore that was not covered in the 
Rocketdyne report is the effect of reactor cost, reactor weight and specific 
impulse on the cost of the over-all system. This information would be of value 
in evaluating the desirability of decreasing reactor size and weight at the 
expense of an increase in U ^ ^ fuel loading, or in other words, evaluating the 
desirability on a cost basis of a fast reactor over a thermal reactor. In order 
to be able to do this, it is necessary to choose a particular mission and vary 
the reactor cost and weight from the values used by Rocketdyne. Assuming a 
mission of carrying 150, 000 pounds of payload to a velocity of 40, 000 ft/sec 
(earth escape), the results are given in Figure 12. (The results obtained by 
Rocketdyne for the Condor and Prototype engine are represented by two points 
in this Figure.) This particular mission was chosen because the Rocketdyne 
study indicated that its cost would be significantly less (23%) than that for a 
chemical system. The thrust and power levels required to perform this m i s -
sion as a function of reactor weight and specific impulse are given in Figure 13. 
If a reactor were designed to satisfy the curves in Figure 13 at some point, 
then the resulting reactor weight, cost and specific impulse can be plotted in 
Figure 12 to obtain the cost per pound of payload and compared with the graphite 
system. 
Fast reactors studied by LASL are characterized by a weight that is lower 
than the graphite system by a factor of the order of 2. However, the fuel load-
ing can increase by a factor of the order of 2 or 3; hence, the reactor cost per 
pound can increase by a factor of between 4 and 6. Referring to Figure 12, the 
result may be an increase in the cost per pound of payload over that of a graph-
ite system. However, this evaluation will have to await the results of the 
design effort on such advanced systems as tungsten and carbide reactors . 
At this point, it should be remembered that cost alone is not the criterion 
in selecting alternative paths. This is especially true in the early phases of 
R&D effort. However, as systems move out of this phase and into production, 
cost becomes increasingly important. Therefore, it is wise to factor it in as 
early as possible, in the development phase. 
Conclusions 
1. Nuclear heat transfer rockets show a significant production cost 
advantage over advanced chemical rockets for missions requiring 
velocity increments greater than approximately 36, 000 ft /sec, 
>ecific impulses greater than 850 seconds and for payloads of 
n 1 U mm 
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t h e ^ r d e r of 100, 000 lbs . The implicat ions of this a r e that the 
nuclear heat t r ans fe r rocket shows an advantage only for l a rge , 
s ingle-s tage , ea r th launched, high-alt i tude sa te l l i te r l aunchers 
and escape vehic les . (The compar ison of nuclear heat t r ans fe r 
rockets with chemical and ionic sys t ems for in te rp lanetary 
t r ave l i s another s to ry . ) 
2. F o r equal payloads the g r o s s weight of an advanced graphi te 
nuclear rocket vehicle is sma l l e r than that for an advanced 
chemical sys tem by a factor of between 3 and 4. 
3. Reactor cost (including the cost of the TJ ) can have a signifi-
cant effect on the vehicle cost pe r pound of payload and mus t be 
carefully analyzed, especial ly for fast r e a c t o r s . 
i In conclusion, one point should be considered. Rocketdyne has a la rge 
stake in chemical rocket engines and fac i l i t ies . They may not be very happy 
to see a nuclear rocket come along too fast and jeopardize the i r F -1 (1. 5 mil l ion 
pound thrus t engine for NOVA) p rog ram. 
Recommendations 
1. The Rocketdyne assumption for r eac to r cost of 400 dol la rs per pound 
of r eac to r weight should be verif ied or co r r ec t ed . This , of cour se , 
cannot be accomplished until detai l information i s available as to the 
graphite r eac to r design and fuel loading. Several r eac to r s izes will 
have to be studied to de te rmine the effect on cost . 
2. Designs of r e a c t o r s using tungsten and carbides should be c o m -
pleted at the ea r l i e s t date to the extent that it would be possible to 
make a reasonable es t imate as to thei r per formance potential and 
cost . This information is needed to a s s e s s the re la t ive des i rabi l i ty 
of these r e a c t o r s and the graphite sy s t ems . 
3. Other cost assumptions, such as harcWire cost , should be checked 
more thoroughly. The 100 dol lars a poiiijd figure used by Rocketdyne 
i s the genera l ly accepted "rule -of -thumb*3Kilue for turbojet engines 
and rocket pumps and hardware for the Atlailfcize vehic les . It may 
not apply to la rge size rockets that were cons?S||££d in the Rocketdyne 
r epor t . 
Pit t G. Thome 
Product Planning Engineer - AstrdHautics System 
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